INTRODUCTION
============

Acute respiratory illness (ARI) is a self-limiting viral disease that causes mild symptoms such as fever, shivering, chills, malaise, and dry cough. Rhinovirus and coronavirus (50%-70%) are the most common viruses, followed by influenza virus (20%-35%), and adenovirus (5%-10%) ([@B1], [@B2]). Most influenza-associated deaths occur in persons aged 65 yr or older with associated chronic disease ([@B3]). Vaccination to prevent influenza is particularly important for elderly persons who are at an increased risk for severe complications from influenza ([@B4]).

Dietary supplements represent the most rapidly growing segment of the market and their use range from the treatment and prevention of common illnesses to cancer treatment and prevention ([@B5], [@B6]). A well-designed study to evaluate the effectiveness of dietary supplements on reduction of the severity of symptoms and duration of upper respiratory tract infections has not been approved to date ([@B6]).

Korea red ginseng (KRG) is commercially available 4 to 6-yr old *Panax ginseng* root that has been steamed unpeeled and dried to prepare light yellow-brown, or light red-brown ginseng. During its manufacturing process, thirteen kinds of active ingredients characteristic of red ginseng were obtained as some partly deglycosylated saponins. This process is conducted to store red ginseng longer and to increase its medicinal efficacies.

Recently, KRG was shown to be capable of enhancing cell-mediated immune responses by T lymphocytes and activating natural killer cells in immunomodulation and anticancer pathways. Two clinical studies for the immune response with ginseng or KRG have been conducted ([@B7]-[@B9]). In addition, treatment of *Pseudomonas aeruginosa* pneumonia in rats with ginseng was found to reduce bacterial load and lung pathology, as well as to increase immunoglobulin G2a in serum. They suggest that the antimicrobial properties of ginseng are due to its induction of Th1-like responses ([@B10]).

Other studies have shown that taking American ginseng extract as a prophylaxis during the influenza season in older adults reduced the incidence of acute respiratory illness in vaccinated ([@B11]) and non-vaccinated subjects ([@B12], [@B13]). These results suggest that ginseng extract was effective for the prevention of upper respiratory illnesses caused by various viruses.

Until now, ginseng has been well known for improving general quality-of-life, for exhibiting immuonmodulating effects, and for antidiabetic effects ([@B14]-[@B18]). However, there has been no data accumulated Korean red ginseng for its preventive activity against ARI, as has shown in American ginseng. In this study, to investigate the effectiveness of KRG for its preventive activity against ARI, we administered KRG and placebo to healthy volunteers for 12 weeks.

MATERIALS AND METHODS
=====================

Study design
------------

This study was a 12 weeks, randomized, double-blind, placebo-controlled clinical trial at the onset of the influenza season at the Chonbuk National University Hospital ([Fig. 1](#F1){ref-type="fig"}). Subjects who responded and met the inclusion criteria during a telephone screening interview were scheduled for a baseline visit. The evaluation included a physical examination, electrocardiogram, and screening blood parameter study. In addition, subjects were scheduled for a screening visit (within 3 weeks) where the informed consent was reviewed and signed. A random number between 1 and 100 was generated by a computer for each subject. The randomization codes were hidden from all subjects, research staff, investigators and pharmacists until all the data were analyzed.

The enrolled subjects were scheduled for the first visit, and subjects were randomly assigned to one of two groups, the concentrated red ginseng (n = 50) or placebo (n = 50) group. The prescription of the study products were 1.0 g 3 times a day (3.0 grams per day) for 12 weeks. Placebos were made with the same taste and appearance but without the principal ingredients that present in the red ginseng extract. The study products were provided to subjects every 4 weeks.

During the intervention period of 12 weeks, subjects were asked to continue their usual diets and activity and were asked not to take any other functional foods or dietary supplements. Anthropometric, biochemical parameters, and vital signs were measured before and after the intervention period for both groups. Every fourth week, the subjects were asked to report for assessment of any adverse events or any changes in training, lifestyle, or eating patterns and to assess the compliance. The mercury thermometer was used to check body temperature in their places.

Subjects
--------

The study subjects were recruited between October to November 2010 in Clinical Trial Center for Functional Foods via a local newspaper advertisement. A total of 115 volunteers who responded to the advertisements were pre-screened via telephone interview and screened for the inclusion and exclusion criteria. The study subjects were required to be in good general health, between 30 and 70 yr of age. To avoid the confounding effects of vaccination, subjects were excluded if they had been vaccinated against influenza within 6 months. Other exclusion criteria for the study were: 1) HIV infected or cancer patients; 2) cardiovascular disease, neurologic or psychiatric disease, and renal, pulmonary and hepatic abnormalities; 3) upper respiratory infection within two weeks prior to the study; 4) active tuberculosis treated; 5) history of disease that could interfere with the test products or impede their absorption, such as gastrointestinal disease (Crohn\'s disease) or gastrointestinal surgery (a appendicitis or enterocele surgery were included); 6) participation in any other clinical trials within the past 2 months; 7) abnormal liver function test (ALT \> 60 IU/L); 8) connective tissue disease patients; 9) multiple sclerosis disease patients; 10) taking medications such as immunosuppressive drugs, corticosteroids, warfarin, phenelzine, pentobarbital, haloperidol, cyclosporine; 11) allergic or hypersensitive to ginseng; 12) antipsychosis drugs therapy within the past 2 months; 13) laboratory tests, and medical or psychological conditions deemed by the investigators to interfere with successful participation in the study; 14) history of alcohol or substance abuse; 15) pregnancy or breast feeding; and 16) being judged by the responsible physician of the local study center as unfit to participate in the study.

Study drugs
-----------

Korean red ginseng was produced by the process of steaming and drying from fresh ginseng cultivated in Jinan-Gun, Korea. The standardized red ginseng (*Panax ginseng* C.A. Meyer) extract was obtained through an industrial process under the strict quality control. Namely, fresh ginseng was steamed for 2 to 3 hr at 95℃ and dried under the sun or with hot air. After ethanol extract (90℃, 24 hr, 70% ethanol solution) was made in a highly concentrated form to give a 60% or more solid content. The sum of ginsenosides Rg1 and Rb1, used as quality control marker, was above 7 mg/g. Placebo was made to maintain in its flavor and taste of red ginseng extract, and also contained 30% hop extracts and 45% soybean oil. Red ginseng extract and placebo were both prepared at the CheonJiYang Co. Ltd., Seoul, Korea.

The study endpoint and safety assessment
----------------------------------------

The ARI defined by following symptoms; fever (temperature \> 38.0℃), cough, sore throat, nasal congestion, or body aches in the absence of a known cause other than influenza. The primary efficacy end point was the frequency rate of ARI. The secondary end point included 1) the frequency rate of each clinical symptoms such as fever, rhinorrhea, nasal congestion, sore throat, cough, sputum, dyspnea, diarrhea, nausea, vomiting, headache, and myalgia 2) symptom duration; and 3) severity of symptom (total symptom score).

This assessment was conducted by telephone weekly or self-reported during the intervention period. The symptom score was average, and the range was from 0 to 3. All subjects were asked to complete a daily log at about the same time every morning to document the severity of their influenza-related symptoms on a 4-point scale sheet (0 = no symptom, 1 = mild symptom, 2 = moderate symptom and 3 = severe symptom) ([@B6], [@B12]). The total number of days of symptoms was calculated through telephone interviews every day until the symptoms disappeared. Safety assessments were in the case of adverse events, and included laboratory tests (hematology, biochemistry, and urinalysis) and vital sign assessments (systolic blood pressure, diastolic blood pressure, and pulse rate).

Statistics
----------

Statistical analysis was done by a statistician under blinded conditions. The efficacy analysis was done only with subjects who completed the study (per protocol, PP group), whereas the frequency rate of ARI was done using the Fisher\'s exact test. Symptom duration and score were analyzed with the Mann Whitney U test and Fisher\'s exact test. The safety assessment was also done only with subjects that completed the study (per protocol, PP group), and the analysis between the two groups were done using the Mann Whitney U test and Fisher\'s exact test. We used the repeated measure analysis of variance (ANOVA) to compare the laboratory findings between two groups before and after clinical trial. SPSS software ver 19.0 (SPSS Inc., Chicago, IL, USA) was used for all analyses and *P* values of less than 0.05 were considered statistically significant.

Ethics statement
----------------

All subjects gave their written, informed consent before entering the study, which was conducted in accordance with the international conference on harmonization guidelines for good clinical practice and was approved by the functional foods institutional review board of Chonbuk National University Hospital (IRB number; IJRG-INFL-KRG, 2012-02-016).

RESULTS
=======

General characteristics of study subjects
-----------------------------------------

After screening, a total of 100 subjects were enrolled in this study and randomly assigned to the KRG and placebo group (male 38, female 62). During the study period, 2 subjects failed to complete the study (KRG 1, placebo 1) ([Fig. 2](#F2){ref-type="fig"}). The mean age of subjects was 46.0 ± 9.0 yr old (KRG group 45.5 ± 8.3, placebo 46.6 ± 9.6, *P* = 0.537). There were no significant differences in general characteristics of the study population between the two groups ([Table 1](#T1){ref-type="table"}). Alcohol and smoking was more frequent in the KRG group, but there were no significant differences between the two groups (*P* = 0.110, *P* = 0.059).

Compliance
----------

The total number of prescribed capsules was 768.6 ± 30.9 (*P* = 0.141) and total intakes were 727.4 ± 55.8 (*P* = 0.888), which was not significant between the two groups. Compliance reported taking more than 75% of the medication was high in both groups; 95.2 ± 4.7% in KRG, 94.0 ± 7.2% in placebo group. No subject failed to complete the study due to under compliance ([Table 2](#T2){ref-type="table"}). Blinding was also maintained adequately during the study period. After the study, 26.7% of those taking KRG and 21.3% of those taking placebo thought they had been given the KRG.

Frequency rate of ARI
---------------------

During the study period, subjects who experienced ARI at least one time were 34 in total ([Table 3](#T3){ref-type="table"}). In these, KRG and placebo was 12 (24.5%), and 22 (44.9%), respectively. The frequency of ARI in the KRG group was lower than in the placebo group and these findings were statistically significant (*P* = 0.034). In this study, the absolute risk reduction that absolute rate difference between two groups was 20.4% (95% confidence interval \[CI\], 1.6%-37.4%) and the relative risk reduction which means that giving KRG reduces the ARI was 45.5% (95% CI, 2.5%-69.5%).

Symptom duration and score of ARI
---------------------------------

Among the 34 subjects that experienced ARI, the symptom duration was 5.2 ± 2.3 day in the KRG group and 6.3 ± 5.0 day in the placebo group (*P* = 0.475). The symptom duration in the KRG group was short, but there was no statistical difference between the two groups ([Table 3](#T3){ref-type="table"}). The symptom score (KRG 9.5 ± 4.5 vs placebo 17.6 ± 23.1) was lower in the KRG group than in the placebo group. However, no statistical significance was observed (*P* = 0.241). Among the symptoms, the frequency rate of cough (*P* = 0.045) in the KRG group was significantly lower than in the placebo group. The nasal congestion (*P* = 0.064) and headache (*P* = 0.059) in the KRG group was lower than in the placebo group, which was marginally significant.

Safety assessment
-----------------

There was no statistical difference between the two groups for adverse events and specific severe adverse events were not observed during the study period (*P* = 0.378) ([Table 4](#T4){ref-type="table"}). The laboratory findings for safety, which included hematology, biochemistry, and urinalysis, was not statistical difference between the two groups ([Table 5](#T5){ref-type="table"}). Supplementary medications, particulary NSAIDs, were used by 10.2% (5/49) and 16.3% (8/49) of the subjects in the KRG and placebo groups, respectively (*P* = 0.372). Antibiotics (placebo vs KRG, 18.4% vs 6.1%, *P* = 0.064), and anti-histamine (placebo vs KRG, 12.2% vs 4.1%, *P* = 0.004) were used for colds and flu respectively. The differences in the incidence of NSAIDs usage between the two groups were not found to be statistically significant. The incidence of antibiotics usage was marginally more common in the placebo than in the KRG group. Anti-histamine usage was significantly more common in the placebo than in the KRG group.

DISCUSSION
==========

The frequency rate of ARI was significantly lower in the KRG group than in the placebo group in this study. The symptom duration was short and the symptom score was lower in KRG group than placebo group. However, the statistical significance was not observed. Regarding the safety of KRG, there were no specific clinical and laboratory side effects after 12 weeks for the healthy subjects.

In the process of steaming and drying for manufacturing red ginseng, it occurs various chemical reactions that eventually lead to the production of effective components, not found in fresh ginseng. And also, the effective absorption and digestion of various active compounds are considered to be the strength of red ginseng. Red ginseng was shown to have a various immunomodulatory actions such as activation of natural killer cells, inhibitory action of food allergy, antagonistic reaction for immunosuppressive agents, and activation of innate immunity ([@B14]-[@B16], [@B19]-[@B22]). It has been proven to have a broad range of biological activities including T-cell mediated immune reaction, as well as antioxidant and anti-tumor actions ([@B7], [@B8], [@B23], [@B24]). Recently, Kim et al. ([@B14]) reported the effect of oral administration of KRG on influenza A (H1N1) virus infection. In the study, they investigated the inhibitory effect of KRG extract on plaque formation by influenza A virus in a cell-based plaque assay, and the effect of orally administered KRG on influenza A virus infection in mice. They suggested that KRG could potentially be used as a complementary treatment of influenza A virus. Kaneko and Nakanishi ([@B25]) performed a retrospective study of long term use of KRG in the staff of geriatric hospital. They also reported that KRG has preventive effects on the common cold symptom complex, including flu. However, there was no well designed clinical trial regarding the effect of ARI for KRG.

McElbaney et al. ([@B11]) compared American ginseng with a placebo in preventing acute respiratory illness in an institutional setting during influenza seasons. In their study, the mean age of volunteers was over 80 yr old, 74% female, and approximately 90% had received influenza vaccine in each of the 2 yr. Confirmation of viral acute respiratory illness was conducted by culture or serology for influenza. They showed that the incidence of laboratory confirmed influenza illness was lower in American ginseng groups than in placebo groups (odds ratio \[OR\], 0.14; 95% CI, 0.02-0.97). Combined data for laboratory confirmed influenza illness and respiratory syncytial virus illness (OR, 0.11; 95% CI, 0.01-0.86) were also lower in American ginseng study groups than in placebo groups. This suggests that American ginseng is potentially effective for preventing acute respiratory illness. Predy et al. ([@B12], [@B26]) performed a clinical trial that was very similar to our study. The mean age of volunteers was 43, 60% female, and subjects were excluded if they had been vaccinated against influenza in the previous 6 months. The mean number of colds per person was lower in the ginseng group than in the placebo group (ginseng vs placebo, 0.68% vs 0.82%, 95% CI, 0.04-0.45). The proportion of subjects with 2 or more Jackson-verified colds (ginseng vs placebo, 10.0% vs 22.8%, *P* = 0.004) was significantly lower in the ginseng group than in the placebo group, as were the total symptom score (ginseng vs placebo, 77.5 vs 112.3, *P* = 0.002), and the total number of days that cold symptoms were reported (ginseng vs placebo, 10.8 vs 16.5, *P* \< 0.001). These results showed that American ginseng had protective effects for ARI. However, the effect of KRG on ARI has not been studied although it is known to have a broad range of biological activities and effect of KRG on influenza A (H1N1) virus infection. In this study, we showed that KRG has a significant protective effect for ARI and decreases the symptom duration and symptom score similar to American ginseng.

Herbal medicine, together with the declining numbers of new antimicrobials that are being certified and introduced into clinical practice, is one of the fastest growing alternative therapies. The uses of herbal medication range from the treatment and prevention of common illnesses to cancer treatment and prevention ([@B5], [@B6]). Most herbal medicine or dietary supplements appear to be safe, and the medical literature supports their effectiveness for certain conditions ([@B5]). Among them, ginseng is one of the most well studied herbal medicines. KRG has a broad range of activity as well as protective effect against ARI, and hence is potentially more effective in combating different emerging strains of virus.

In our study, anti-histamine and antibiotics were used more frequently in the placebo group compared to the KRG group.

There are several limitations in this study. First, we did not calculate the number of subjects statistically because this was a preliminary study. We need more extensive clinical studies with clear statistical numberings. Second, we did not conduct microbiological analysis of ARI. Therefore we are not certain of the nature of the virus or the number of strains. Third, we included only healthy volunteers without influenza vaccinations. Clinical trials on healthy volunteers with influenza vaccination vs without vaccination and various age groups are required.

In conclusion, KRG have a protective effect against contracting ARI, and may have a tendency to decrease the duration and scores of ARI symptoms. However, we need further studies with statistically powered subjects and children, vaccinated subjects, and immuonocompromised subjects.
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###### 

General characteristics of the study population
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Data were presented as mean ± SD or number (percentage). Analyzed by Student\'s t-test or chi-square test, Fisher\'s exact test. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate.
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Compliance of the Korean red ginseng (KRG) group and the placebo group
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Compliance was calculated by total intakes by prescriptions. Analyzed by Student\'s t test and chi-square test.

###### 

The frequency, symptom duration and severity score of subjects that experienced ARI
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Variables were presented as number (percentage) and mean ± SD. Analyzed by Mann Whitney U test and chi-square test or Fisher\'s exact test. The duration and the score of each symptom were calculated by sum during symptoms.

###### 

Adverse events during the study period between the Korean red ginseng (KRG) and the placebo groups
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Data were presented as mean ± SD or number (percentage). Analyzed by chi-square test. BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate.

###### 

The laboratory findings for safety after the duration of the clinical trial
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Variables were presented as number (percentage) and mean ± SD. ^\*^Analyzed by repeated measure ANOVA and the *P* value means the significant level between KRG group and placebo group. WBC, white blood cell; RBC, red blood cell; PLT, platelet; ALP, alkaline phosphatase; AST, aspartate transaminase; ALT, alanine transaminase; γ-GT, gamma glutamyl transferase; BUN, blood urea nitrogen; HPF, high power field.
